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Abstract
The purpose of the study was to find whether there were differences in cortisol awakening response (CAR) between a neu-
tral day and an exam day in a group of female students and to explore possible relationships between CAR, self-reported 
affect, and exam performance. A group of 25 female students took samples of their saliva using Salivettes at the moment of 
waking and after 30 min. They then described their affect using the PANAS scale. Measures were taken twice: three days 
before an examination and on the day of the examination. The level of free cortisol in saliva samples was determined using 
enzyme immunoassay. The integrated volume of cortisol (CARauc) was significantly higher on the day of the exam than on 
the neutral day. There were also significant differences in affect, with negative higher and positive lower on the exam day, 
but correlations between cortisol measures and self-reported affect were low and not significant. A negative relationship 
between integrated volume of cortisol (CARauc) and exam performance was also found. Anticipated exam stress caused a 
significant increase in CAR in female study participants when compared to a neutral day, but only in the case of integrated 
volume of cortisol over the waking period (CARauc). The negative relationship between this measure and exam performance 
can be explained by attributing CARauc to negative expectations concerning the anticipated exam.
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Introduction
Cortisol awakening response (CAR) indicating an increase 
in cortisol level after waking as a part of the diurnal circle 
of cortisol secretion is a variable used in many studies as it 
has been found to be related to important psychosocial and 
mental health characteristics, including life stress (Chida 
and Steptoe 2009). While studies on CAR correlates are 
not unambiguous, some have shown that increased CAR is 
related to job stress (Alderling et al. 2006; Chida and Step-
toe 2009), perceived chronic stress (Wust et al. 2000), and 
perceived loneliness (Steptoe et al. 2004). On the other hand, 
negative correlations have been found between CAR and 
symptoms of PTSD or burnout (Chida and Steptoe, 2009). 
Differences in CAR have also been found in the same sub-
jects when cortisol rise was compared between weekdays 
and weekends, when CAR was generally lower (Clow et al. 
2004). This effect was attributed to perceived work overload 
and chronic worrying on weekdays (Schlotz et al. 2004). 
Generally speaking studies indicate that while flat CAR is 
observed in cases of PTSD or chronic fatigue, in other cases 
increased CAR is related to anticipation of potentially stress-
ful events of the day in the majority of healthy individuals 
(Clow et al. 2004).
There is also evidence that increased CAR is observed in 
patients suffering from somatic diseases such as coronary 
artery disease (Btattacharyya et al. 2008), upper respiratory 
illness (Edwards et al. 2003), and obesity (Wallerius et al. 
2003). Increased CAR has also been shown to be associated 
with psychopathology such as bipolar illness (Ellenbogen 
et al. 2004), and borderline personality disorder (Lieb et al. 
2004).
Some differences were found between two measures of 
CAR: a cortisol increase following waking (CARi) and inte-
grated volume of cortisol over the waking period (CARauc). 
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These measures result from two formulas for computation 
of morning increase of cortisol level, namely area under 
the curve with respect to the ground (CARauc) and area 
under the curve with respect to increase (CARi) (Pruessner 
et al. 2003). Moreover, it is recommended to employ both 
formulas when analysing data sets with repeated measures 
(Pruessner et al. 2003).
In psychotherapy, CARauc was higher in patients with 
diagnosed depression than in a control group, but CARi was 
reduced (Huber et al. 2006). CARi was positively related to 
job stress and general life stress but was negatively related 
to fatigue or burnout; however, CARauc was positively 
related to general life stress but negatively to PTSD symp-
toms (Chida and Steptoe 2009). Generally speaking changes 
observed in morning cortisol secretion in clinical groups 
indicate dysregulation of endocrinological processes in 
psychopathology.
While the question of the possible function of CAR 
remains open, it is hypothesized that its main role is to mobi-
lize energy during the transition from sleep to wakefulness, 
to prepare the organism for the expected demands of the 
day, and to facilitate orientation of the self in time and space 
(Kudielka and Wust 2010). If we assume that the purpose 
of cortisol secretion is to enhance daily activities, then the 
issue of the cortisol performance relationship arises. Empiri-
cal results have been rather inconclusive so far. According 
to some recent studies, cortisol level has been found to be 
positively related to prospective memory function (Glienke 
and Piefke 2016), visuospatial memory (Human et al. 2013), 
or delayed retrieval of educationally relevant material (Hup-
bach and Fieman 2012). However, in the case of the latter 
study the effect was observed only in male participants. At 
the same time, it has been found to be negatively related to 
working memory tasks in healthy young men (Schoofs and 
Wolf 2009), explicit memory and cognitive performance in 
both male and female students (Kazen et al. 2012), cognitive 
performance in business executives (Teixeira et al. 2015), 
conditions of simulated firefighting in unexperienced vol-
unteers (Robinson et al. 2013), and working memory per-
formance in police officers exposed to an uncontrollable 
situation with the risk of being shot (Taverniers et al. 2011). 
It is worth noting that in the latter study a positive effect of 
stress-induced cortisol on perceivably acquired task-related 
skills and competencies was observed. Moreover, other stud-
ies showed no effect of cortisol on performance in medical 
students (Singh et al. 2012), while the results from a rather 
small sample of athletes showed no relationship between 
CAR and performance in sport (Diaz et al. 2013).
The purpose of the present study was to find whether 
there were differences in cortisol awakening response 
between a neutral day and an exam day in a group of female 
students and to explore possible relationships between CAR, 
self-reported affect, and exam performance. Considering 
the results of many studies on factors influencing CAR (see 
Clow et al. 2004) we formulated the hypothesis that CAR on 
an exam day would be higher than on a neutral day. Moreo-
ver we wanted to show that two measures of cortisol (at the 
awakening and 30 min later) are sufficient for estimating 
CAR as an indicator of stress.
In terms of the relationship between CAR and exam per-
formance, we did not formulate any hypothesis since the 
results of the relationship between cortisol secretion and 
performance were rather inconclusive. In addition, cortisol 
was usually measured in a close time relationship to per-
formance; however, in the present study it was measured 
in the morning and the exam took place in the afternoon. 
Exploration of the possible relationship between CAR and 
exam performance was based on the assumption that CAR 




Twenty-five female first year students, aged 19–21 were 
recruited during lectures. Only participants who declared 
that they were neither taking medication nor being treated 
for endocrine disorders were recruited. They were asked to 
participate in a study concerning affective reactions during 
an exam session that would require completing question-
naires and taking saliva samples twice on two different days. 
They all agreed to participate and gave informed consent. 
They were then given detailed written and oral instructions 
describing the procedure.
The first measurement took place 3 days before the exam. 
Following the written instructions, participants noted the 
time and collected the first saliva sample using a Salivette in 
the morning immediately after waking. They also reported 
waking time and sleep duration. They were asked not to 
drink coffee or tea, eat, engage in physical exercise, or brush 
their teeth for a period of 30 min, after which they collected 
the second saliva sample and completed the PANAS scale 
to measure affect. They put both samples in a freezer until 
they were collected by experimenters. The saliva sampling 
procedure was designed according to suggestions by Adam 
and Kumari (2009) concerning methods to optimise compli-
ance with saliva collection protocols.
The second measurement took place in the morning on 
the day of the exam according to the procedure described 
above. The exam took place in the afternoon at 3 PM. The 
exam could be considered as “high stakes”—it was the final 
exam after one semester course during first year of studies. 
Failing an exam could result in being not allowed to continue 
studies. The sleep duration on both measurement days was 
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similar and the difference was not significant (dependent 
samples t test t(25) = 1.069, p = 0.295, neutral day: Mean 
411 min, SD 39 min, exam day: Mean 407 min, SD 34 min).
The study protocol, information on the study, informed 
consent, and related materials were submitted and approved 
by the ethics committee of Institute of Psychology, Jagiel-
lonian University in Cracow. Informed consent was obtained 
from all participants in the study.
Self‑Report Measures
The Positive and Negative Affect Schedule (PANAS) is a 
20-item adjective measure that assesses two dimensions 
of affect (Watson et al. 1988) with a Positive and a Nega-
tive Affect scale. Participants are asked to rate the extent 
to which they experienced each particular emotion within 
a specified period using a 5-point Likert scale, with values 
ranging from “very slightly” to “extremely”. Participants in 
the current study were asked to describe how they felt when 
they completed the scale, about 30 min after waking, and 
right after the second saliva sample was collected.
Salivary Cortisol Measures
Free salivary cortisol levels were used as an indicator of cor-
tisol secretion after waking. Saliva samples were collected 
by a standard procedure using a Salivette (Sarstedt, Numbre-
cht, Germany). The participants were asked to place a cotton 
wad in their mouth, chew it for approximately 45 s to induce 
salivation, and then transfer it to a sterile tube. The labelled 
tubes were stored in a freezer (at − 20 °C) before being sent 
to a specialized laboratory. There, the samples were thawed 
and centrifuged before free cortisol level was determined 
in duplicate by enzyme immunoassay with a commercially 
available kit (ELISA—Demeditec, Germany). The intra-
assay coefficients of variance were less than 10%.
Results
Descriptive statistics for salivary cortisol (nmol) are given 
in Table 1 together with reference values reported by Clow 
et al. (2004), showing mean values of cortisol volume in 
healthy adult participants at waking and after 30 min in neu-
tral conditions. Values on a neutral day obtained in this study 
are similar; however, much greater interindividual variance 
of cortisol volume 30 min after waking on the day of the 
exam should also be noted.
In further analyses, we transformed logarithmically cor-
tisol nmol values to obtain normal distribution and no out-
liers were observed. Descriptive statistics and correlations 
of variables used in the analyses are given in Table 2. Two 
measures of CAR were calculated according to formulas 
by Pruessner et al. (2003): the first represents integrated 
volume of cortisol over the waking period (CARauc); the 
second represents increase of cortisol following waking 
(CARi).
We used ANOVA for repeated measures to test dif-
ferences in CAR on a neutral and exam day. There was 
no significant difference in the increase of cortisol fol-
lowing waking (CARi - F (1,24) = 2.091, p = .16, eta-
squared = 0.080) between the 2 days, but there was a sig-
nificant difference in integrated volume of cortisol over 
the waking period (CARauc – F (1,24) = 13.788, p = .001, 
eta-squared = 0.365). The integrated volume of cortisol 
was higher on the day of the exam than on the neutral 
day. Moreover, we found significant difference in a sin-
gle measure of cortisol namely cortisol level measured 
30 min after awakening which was higher on the exam 
day compared to neutral day (F (1,24) = 7.644, p = .01, eta 
squared = 0.242).
We performed an analogous ANOVA on the meas-
ures of self-reported negative and positive affect. Nega-
tive affect was significantly higher in the morning on the 
day of the exam when compared with the neutral day (F 
(1,24) = 19.486, p = .0001, eta-squared = 0.438) and the posi-
tive affect was significantly lower on the day of the exam (F 
(1,24) = 4.556, p = .04, eta-squared = 0.154).
We used hierarchical regression analysis to evaluate the 
effect of the CAR and self-reported affect in the morning 
of the exam day on exam performance, as measured by the 
number of correct answers in the test (Table 3). Only one 
variable—the integrated volume of cortisol over the waking 
period (CARauc)—on the examination day was a signifi-
cant predictor of exam performance. The relationship was 
negative: the higher the CARauc on the day of the exam, 
the lower the exam performance. Neither the increase of 
cortisol following waking (CARi) nor negative or positive 
self-reported affect on the day of the exam contributed to a 
significant increase of explained variance in the regression. 
It should also be noted that the amount of explained variance 
was generally low. Similar relationships were shown in the 
regression analysis in which a single measure of cortisol 
measured 30 min post awakening on the day of the exam 
was used instead of CAR measures (Table 4).
Table 1  Mean values of salivary cortisol (nmol) on waking and after 
30 min on a neutral and an exam day in the studied sample of female 
students
Neutral day Exam day Normative data of 
healthy adults (Clow 
et al. 2004)
Mean (SD) Mean (SD) Mean (SD)
Waking 11.74 (6.56) 18.90 (7.58) 11.6 (4.6)
+ 30 min 18.88 (9.23) 28.04 (20.31) 20.0 (5.9)
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Discussion
This study demonstrates that a simplified approach to assess-
ing the CAR is relevant to anticipated exam stress. That is, 
we found a significant increase in integrated volume of cor-
tisol over the waking period (CARauc) on an exam day when 
compared to a neutral day. Increase of cortisol following 
waking (CARi) did not change significantly between the two 
measurement days. While expectations that CAR would be 
sensitive to anticipation of potentially stressful events dur-
ing the day were generally confirmed, it should be noted 
that the effect was not observed in the second measure of 
CAR: increase of cortisol following waking (CARi). This 
result is somewhat confusing since there is a growing con-
viction that the actual indicator of CAR is the increase of 
cortisol following waking (CARi) (Stalder et al. 2016), not 
the integrated volume (CARauc). However, the difference 
in CARauc between the neutral and the exam day was quite 
pronounced in this study; thus, it can be attributed to par-
ticipants’ anticipation of stress.
Since CARauc is considered to be a more robust meas-
ure of morning cortisol increase and according to obtained 
results it was higher on the exam day thus indicating antici-
pated stress, it seems that this measure could be used in 
smaller clinical applications when lab resources are more 
limited. It is also worth noting that results of our study indi-
cate that two sample approach to measure CAR, which is 
usually considered as weak, is in fact sufficient to estimate 
CARauc as an indicator of stress. Moreover, it seems pos-
sible that even only one sample—cortisol measured 30 min 
after awakening—can be treated as an indicator of stress. 
Table 2  Descriptive statistics and intercorrelations of variables in the study
CAR values logarithmically transformed
N neutral day, E exam day
*p < .05, **p < .01




CARauc E CARi E Negative affect 
E
Positve affect E
CARauc N 1.11 (.25)
CARi N 0.18 (.11) −  .30
Negative affect 
N
15.54 (5.77) − .14 .11
Positive affect 
N
23.69 (7.68) .03 .14 − .20
CARauc E 1.29 (.28) .57** − .19 − .10 − .20
CARi E .08 (.09) .03 − .04 .07 − .13 − .15
Negative affect 
E
20.38 (7.26) .11 − .15 .65** .07 .09 − .16
Positive affect 
E
21.23 (7.24) − .35 .43* .00 .69** − .26 − .28 − .01
Exam score 41.76 (8.08) − .09 − .22 .19 .30- − .45* .06 .12 .25
Table 3  Exam performance (number of correct answers) regressed 
on CAR on exam day (CARauc and CARi) and self-reported affect 
(negative and positive): results of hierarchical regression
E exam day
*p < .05
Variables Beta R2 R2 change F (model) df





















.28 .015 1.90 4, 19
Table 4  Exam performance (number of correct answers) regressed on 
cortisol level measured 30 min post awakening on exam day and self-




Variables Beta R2 R2 change F (model) df
Cortisol + 30 E − .431* .19 .19* 5.015* 1, 22




.25 .06 3.459* 2, 21






.253 .005 2.258 3, 20
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Obviously not at the individual level due to differences in 
cortisol secretion but only when analysing group differences.
When self-reported morning affect was considered, the 
effect was predictable: negative affect was higher and posi-
tive affect was lower on the day of the exam, compared to 
the neutral day. Observed changes in affect can be attributed 
to anticipation of a potentially stressful event during the day. 
However, it should be noted that correlations between self-
reported affect and cortisol measures were not significant 
and rather low.
CARauc—one of the measures of CAR—was a signifi-
cant negative predictor of exam performance, while neither 
CARi nor self-reported affect were related to performance. 
Although this result should be treated as tentative, it sug-
gests that anticipated stress indicated by integrated volume 
of cortisol over the waking period is related to impaired 
performance on a mental task during the day. In a similar 
way cortisol level measured 30 min after awakening showed 
significant relationship with exam performance. Consider-
ing the period between morning cortisol sampling and early 
afternoon exam performance, the observed effect should not 
be explained in terms of cortisol influence, as it was in stud-
ies in which cortisol was measured in direct time relation-
ship to performance. It is more likely that participants who 
felt less self-confident and were aware of being insufficiently 
prepared for the exam anticipated the exam as potentially 
more stressful and this was reflected in CAR on the exam 
day. Future studies should include measures of time studying 
for exam and the participants confidence about the exam.
Generally speaking results suggest that greater than usual 
cortisol increase after awakening can be treated as the physi-
ological indicator of anticipated stress. Moreover this meas-
ure is free from individual biases that influence self-reported 
ratings of stress or affect. Low correlations between CAR 
and self- reported affect, observed in the reported study, can 
be attributed to such biases influencing personal estimations 
of experienced affective states.
Some limitations of the study should also be noted. The 
process of the collection of saliva samples was not controlled 
and participants’ compliance with the sampling procedure 
could have been unsatisfactory in some cases. Moreover, 
the two-sample protocol of morning cortisol collection is 
considered rather weak and usually three or more collections 
are recommended (Stalder et al. 2016). Having said that it 
should also be noted that peak levels are typically observed 
30 min post awakening (Clow et al. 2004). Moreover, sig-
nificant differences in CARauc obtained in our study seem 
to indicate that two sample approach can be sufficient. While 
the aforementioned issues could contribute to measurement 
error of cortisol levels, in general they do not explain the 
differences in observed effects of CARauc and CARi since 
both indicators of CAR were based on the same measures. It 
should also be noted that the obtained results relate only to 
female participants, but some gender differences in cortisol 
reactivity have previously been reported (Clow et al. 2004).
Compliance with Ethical Standards 
Conflict of interest The authors declare that they have no conflict of 
interest.
Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
References
Adam, E., & Kumari, M. (2009). Assessing salivary cortisol in large-
scale, epidemiological research. Psychoneuroendocrinology, 34, 
1423–1436.
Alderling, M., Theorell, T., de la Torre, B., & Lundberg, I. (2006). The 
demand and control model and circadian saliva cortisol variations 
In a Swedish population based sample (The Part Study). BMC 
Public Health, 6, 288.
Btattacharyya, M. R., Molloy, G. J., & Steptoe, A. (2008). Depression 
is associated with flatter cortisol rhythms in patients with coronary 
artery disease. Journal of Psychosomatic Research, 65, 107–113.
Chida, Y., & Steptoe, A. (2009). Cortisol awakening response and psy-
chosocial factors: A systematic review and meta-analysis. Biologi-
cal Psychology, 80(3), 265–278.
Clow, A., Thorn, L., Evans, P., & Hucklebridge, F. (2004). The awak-
ening cortisol response: Methodological issues and significance. 
Stress, 7(1), 29–37.
Diaz, M., Bocanegra, O., Teixeira, R., Tavares, M., Soares, S., & Espin-
dola, F. (2013). The relationship between the cortisol awakening 
response, mood states, and performance. Journal of Strength and 
Conditioning Research, 27(5), 1340–1348.
Edwards, S., Hucklebridge, F., Clow, A., & Evans, P. (2003). Com-
ponents of the diurnal cortisol cycle in relation to upper respira-
tory symptoms and perceived stress. Psychosomatic Medicine, 
65, 320–327.
Ellenbogen, M. A., Hodgins, S., & Walker, C. D. (2004). High levels 
of cortisol among adolescent offspring of parents with bipolar 
disorder: A pilot study. Psychoneuroendocrinology, 29, 99–106.
Glienke, K., & Piefke, M. (2016). Acute social stress before the plan-
ning phase improves memory performance in a complex real life-
related prospective memory task. Neurobiology of Learning and 
Memory, 133, 171–181.
Huber, T. J., Issa, K., Schik, G., & Wolf, O. T. (2006). The cortisol 
awakening response is blunted in psychotherapy inpatients suf-
fering from depression. Psychoneuroendocrinology, 31, 900–904.
Human, R., Thomas, K., Dreyer, A., Amod, A., Wolf, P., & Jacobs, 
W. J. (2013). Acute psychosocial stress enhances visuospatial 
memory in healthy males. South African Journal of Psychology, 
43(3), 300–313.
Hupbach, A., & Fieman, R. (2012). Moderate stress enhances imme-
diate and delayed retrieval of educationally relevant material in 
healthy young men. Behavioral Neuroscience, 126(6), 819–825.
Kazen, M., Kuenne, T., Frankenberg, H., & Quirin, M. (2012). 
Inverse relation between cortisol and anger and their relation to 
16 Applied Psychophysiology and Biofeedback (2020) 45:11–16
1 3
performance and explicit memory. Biological Psychology, 91(1), 
28–35.
Kudielka, B., & Wust, S. (2010). Human models in acute and chronic 
stress: Assessing determinants of individual hypothalamus-pitui-
tary-adrenal axis activity and reactivity. Stress, 13(1), 1–14.
Lieb, K., Rexhausen, J. E., Kahl, K. G., Schweiger, U., Philipsen, A., 
Hellhammer, D. H., et al. (2004). Increased diurnal salivary cor-
tisol in women with borderline personality disorder. Journal of 
Psychiatric Research, 38, 559–565.
Pruessner, J., Kirschbaum, C., Meinlschmid, G., & Hellhammer, D. 
(2003). Two formulas for computation of the area under the curve 
represent measures of total hormone concentration versus time-
dependent change. Psychoneuroendocrinology, 28, 916–931.
Robinson, S., Leach, J., Owen-Lynch, P., & Sunram-Lea, S. (2013). 
Stress reactivity and cognitive performance in a simulated fire-
fighting emergency. Aviation, Space and Environmental Medicine, 
84(6), 592–599.
Schlotz, W., Hellhammer, J., Schulz, P., & Stone, A. A. (2004). Per-
ceived work overload and chronic worrying predict weekend - 
weekday differences in the cortisol awakening response. Psycho-
somatic Medicine, 66, 207–214.
Schoofs, D., & Wolf, O. (2009). Cold pressor stress impairs perfor-
mance on working memory tasks requiring executive functions in 
healthy young men. Behavioral Neuroscience, 123(5), 1066–1075.
Singh, R., Goyal, M., Tiwari, S., Ghildiyal, A., Nattu, S., & Das, S. 
(2012). Effect of examination stress on mood, performance and 
cortisol levels in medical students. Indian Journal of Physiology 
and Pharmacology, 56(1), 48–55.
Stalder, T., Kirschbaum, C., Kudielka, B., Adam, E., Pruessner, J., 
Wust, S., et al. (2016). Assessment of the cortisol awakening 
response: Expert consensus guidelines. Psychoneuroendocrinol-
ogy, 63, 414–432.
Steptoe, A., Owen, N., Kunz-Ebrecht, S. R., & Brydon, L. (2004). 
Loneliness and neuroendocrine, cardiovascular, and inflammatory 
stress responses in middle-aged men and women. Psychoneuroen-
docrinology, 32, 56–64.
Taverniers, J., Smeets, T., Ruysseveldt, J., Syroit, J., & Grumbkow, J. 
(2011). The risk of being shot at: Stress, cortisol secretion, and 
their impact on memory and perceived learning during reality-
based practise for armed officers. International Journal of Stress 
Management, 18(2), 113–132.
Teixeira, R. R., Diaz, M. M., Santos, T. V. S., Bernardes, J. T. M., Pei-
xoto, L. G., Bocanegra, O. L., et al. (2015). Chronic stress induces 
a hyporeactivity of the autonomic nervous system in response to 
acute mental stresor and impairs cognitive performance in busi-
ness executives. PLoS ONE, 10(3), 1–14.
Wallerius, S., Rosmond, R., Ljung, T., Holm, G., & Bjorntorp, P. 
(2003). Rise in morning saliva cortisol is associated with abdomi-
nal obesity in men: A preliminary report. Journal of Endocrino-
logical Investigation, 26, 616–619.
Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and 
validation of brief measures of positive and negative affect: The 
PANAS scales. Journal of Personality and Social Psychology, 
54, 1063–1070.
Wust, S., Federenko, I., Hellhammer, D. H., & Kirschbaum, C. (2000). 
Genetic factors, perceived chronic stress and the free cortisol 
response to awakening. Psychoneuroendocrinology, 25, 707–720.
Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.
